INTRODUCTION
The objective of this work was to provide a mathematical model of the unwinder ribbon capable of predicting the performance of actual hardware using known parameters as input data.
This analysis differs from previous work in that it considers a moment equation derived from the large deflection theory rather than the conventional small deflection formulations.
A geometry change in the bridge between the coiled (unstressed) and the recoiled (stressed) material is also considered and is now assumed to be a half-circle rather than a straight line.
As a result of the modifications of the mathematical model, fall-off (malfunction) behavior can now be predicted.
UNWINDER DEVICE
The basic components of the unwinder device are shown schematically in figure 1.
The spring (A) is wrapped around and fastened at its inner end to the shaft (B).
The outer end of the spring is fastened to the outer case (C) at point D.
The outer case (C) is fixed to and rotates with the projectile. The axis of the spring and the inner shaft (B) are coincident with the longitudinal axis of the projectile. Upon firing, torsional acceleration causes the spring to wind up tightly. After the torsional acceleration ceases, the centrifugal forces acting on the spring will unwind it. The bending moment in the spring bridge and friction at the hub axis inhibits the unwinding process.
During this unwinding process, the inner shaft (B) will rotate relative to the housing.
This motion can be used to close a switch, rotate a firing pin in line with a detonator, or initiate some other arming process.
ANALYSIS Coordinates and Position Vectors (fig. 2) «^
For a constant angular velocity, oi , define (x^, y^, z^), (x,y,z) = inertial frame of reference and body-fixed (imbedded in the hub) coordinate axes, respectively, so that [x(t=0),y(t=0),z(t=0)] = [x^.y^.z^]
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The unwinding ribbon is a spiral-wrapped spring made from flat metal stock closely wound. In the unstressed condition, all coils of the spring are touching.
SLcrioN A'-X 
where 9 is the angle, the hub rotates with respect to the casing and is taken to be negative; t is time and a is the angle characterizing the amount of ribbon material wrapped onto the casing. The position vector to the point at which the center line of the ribbon material just uncoils from the spool, r, and the position vector to the point at which the center line of the ribbcSh material just begins to coil onto the housing, r are defined by r = -r[cos(a-9)i + sin(a-9)j] r^ = r2[cos(a-9)i + sin(a-e)j]
where r = rQ-5(a-9)/2TT ^2 " r2Q-5a/2ir (4) 6 is the ribbon thickness, and rQ,r2Q are the initial lengths of vectors r and r , respectively
For later use, note that where ^ = dF
The position vector to the center of gravity of the half-circle bridge, r' , is defined by ~^ Substituting equation 3 into equation 6, performing the calculation, and simplifying produces
To obtain a relationship between a and 9, the length of ribbon material unwrapped from the spool requires an equal length wrapped onto the casing, assuming the bridge material dimensions remain constant. Therefore,
Substituting equation 4 into equation 8, integrating, and simplifying yields r 9 + ^ 9^ a = ^
^20 -^o -27 '
Equations of Motion
The vector quantity F' ( fig. 2 ) represents the centrifugal force acting on the half-circle bridge at~ its center of mass. Again, assuming the mass of the bridge to be constant, (10) where (11) is the mass of the ribbon bridge, b is the width, ?
is the density, and R." is the radius defined by ^ ^AB =^/2 (1^2 + ^)
Since there is only rotational motion, consideration of the forces acting on the free-body of the hub and wound coils ( fig. 3 ) yields ^'ik. where M is the bending moment in the ribbon (to be derived later), Nr, is the normal force of the hub on the hub casing, and F is a component of F' . The 1 ^AB term r^ denotes the radius of the spool hub; y" denotes the friction coefficient H between the hub and hub casing; I is the mass moment of inertia of the hub plus wound coils about the coordinate origin; G s -s-is the angular acceleration of the hub, and F is a scalar component of E^ which is perpendicular to F and tangent to the coils at A. These terms (F, F ) are obtained explicitly by using the relations Return to equation 7 and define R, and Ro so that 
equation 25 can be written
The mass moment of inertia, I, of the hub plus wound ribbon can be written as where lu is the measured mass moment of inertia of the hub.
Bending Moment in the Ribbon Bridge
It is assumed that the bending moment (produced by a ribbon element of radius r in the unstressed state, deformed to a radius of curvature V2 in the stressed state) is equivalent to the bending moment in a quarter circle, cantilever beam going from a radius r in the undeformed state to a radius rj in the deformed state. This is represented in figure 4 . Assuming the beam centerline to be the neutral axis, the length of the neutral fiber in the deformed and undeformed configurations must be equal. Therefore, from figure 4 TTr/2 = nr => ^ (30) irr
The bending moment due to fiber stress is defined by
where the integration is over the ribbon thickness and a, the stress in the fibers, is related to the fiber strains, e, by a = Ee -
Where E is the elastic modulus and e, the strain, is defined by
Here L is the original fiber length and AL is the change in fiber length due to deformation. They are defined by
Substitute equation 34 into 33 and obtain from equation 32 
Computational Form of the Equations of Motion
Having the necessary ingredients to evaluate equation 17, the various terras will be redefined for convenient handling and computational facilitation. Sub-stituting equations 28 into 26 and substituting these results into equation 17, solving for 9, and simplifying produces where -ai; 1*7-/TT^ '
is the defining equation of motion of the wound coils of the unwinder plus the hub. The particular solution is obtained from the initial conditions 9(t = 0) = 0 9 (t = 0) = 0 (39)
Supplemental Computations
To complete the computations, the values of r^ and «w.". Qw.y (the angles denoting a completely unwound ribbon) must be determined. Tne value r takes when the ribbon is completely unwound (eq 3) is r,^ and therefore ^10 = ^o-27^W-W^ ^^°> Also, for a given ribbon length, L, The maximum wrapping angle, ot , is obtained by noting that ^ ^10 ^^ -y 1 -6L/.r, 2)} 10
RESULTS OF COMPUTER SIMULATION
The logic and equation of motion for the arming time of the unwinding ribbon wave was programmed for the CDC 6600 computer using FORTRAN.
A fourth order Runge-Kutta routine was used to solve the differential equation 37.
The basic program and sample input-output for spring 1 is contained in the appendix. The accuracy of the assumption that the Sbo^ coiled on the hub is in a stress-free state should be verified.
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